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[57] ABSTRACT 
An apparatus for delivering fluidization gas to a bed of 
particulate solids to selectively, locally ?uidize the 
solids above a delivery conduit in communication with 
a reaction chamber. Also an apparatus is disclosed for 
intimately mixing hydrocarbon feed with the particu 
late solids at the end of the delivery conduit in the reac 
tion chamber. 

16 Claims, 6 Drawing Sheets 
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SOLIDS FEEDING DEVICE AND SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 
This is a division of application Ser. No. 086,951 ?led 

Oct. 22, 1979, now US. Pat. No. 4,338,187, issued July 
6, 1982 and is related to copending application Ser. No. 
165,786 ?led July 3, 1980 now US. Pat. No. 4,352,728, 
issued Oct. 5, 1982. 
The invention relates to both the delivery of particu 

late solids to a reaction chamber and to internally mix 
ing the particulate solids and ?uid, principally feed, at 
the reactor. 

2. Description Of The Prior Art 
Particulate solids are used in gas phase or liquid phase 

reactions for a variety of reasons. Typically, the partic 
ulate solids are present to catalytically accelerate (or 
rarely, decelerate) the rate of reaction. In still other 
reaction systems, solids are admixed and reacted with 
the ?uid reactants. During the course of the reaction the 
solids participate in the reaction as a reactant and are 
depleted. Another use of particulate solids is to supply 
heat for the reaction. Hot inert solids are added to the 
reaction zone simultaneously with the gaseous reac 
tants, the heat being transferred to the ?uid medium by 
direct heat transfer. Conversely, the particulate solids 
may occasionally be employed to remove heat of reac 
tion. 

Typically, ?xed bed and ?uidized bed reactors are 
used to contact the solids with reactants. However, in 
reactions where reaction residence time is low, tubular 
reactors are used to create plugged flow velocity pro 
?les. Such pro?les prevent backmixing of the reactants, 
and ensure uniform reaction radially along the length of 
the tubular reaction zone. Gradients normal to the ?ow 
of material through the tubes are undesirable because 
such temperature and concentration variations interfere 
with the_yield and distribution pro?les from the reac 
tion. 
An example of the use of solids as a heat supply me 

dium is illustrated in US. Pat. No. 4,061,562 to McKin 
ney et al which describes a process to react residual 
petroleum oils to produce ole?ns, particularly ethylene. 
In this system the reaction proceeds axially along the 
length of the riser reactor, the temperature gradually 
decreasing as endothermic heat of reaction is with 
drawn therefrom. 

In each of the systems described above, as well as 
other systems requiring the continuous addition of par 
ticulate solids, the means of feeding the solids to the 
reaction zone should satisfy two criteria. First, the ?ow 
of solids must be regulated. Generally, the solids ?ow 
rate is adjusted to re-establish the set point of a con 
trolled parameter, such as temperature, pressure, den 
sity, concentration of a particular product in the efflu 
ent, and the like. In conventional thermal cracking pro 
cesses, for example, it is common to control furnace coil 
outlet temperature to +/ - 10° F. This is equivalent to 
a +/—2% variation in the heat input. Thus, McKin 
ney’s process would require control of the solids feed 
rate to approximately +/—2%. The requirements for 
control of the ?ow rate of solids is in?uenced by the 
reaction time. For reaction times of less than one sec 
ond, ?ow must be stable on a micro second level since 
the reaction times are less than the typical response 
times of conventional control means i.e., valves, etc. 
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2 
Second, the solids feeding device should allow rapid 

and complete mixing of the solids and ?uid phases. This 
is especially true where reaction residence times are 
low, as in thermal cracking. If mixing takes an apprecia 
ble percentage of the reactor residence time, concentra 
tion and temperature gradiants normal to the flow of 
material passing through the early stages of the reaction 
zone will create variations in reaction rate. Hence, 
products yields and distribution will be affected ad~ 
versely. The present invention is an apparatus and a 
method for effecting ?ow control and uniform mixing 
of a particulate solids stream when introduced into a 
?uid stream. 

Heretofore solids flow rate has been regulated in 
several ways using pneumatic or mechanical means. 
One method and system for facilitating the delivery of 
particulate solids to a reaction is to ?uidize the entire 
bed of solids in the chamber feeding solids to the reac 
tor. This system is attended by the use of valves and 
other regulations means to regulate the gas pressure 
above the bed. 
However, ?uidized beds characteristically have poor 

control over bed height so that control of the ?ow 
through the ori?ce is similarly poor. The bed has ?uid 
characteristics and the ?uctuations in bed height, bed 
density, and overhead pressure are transmitted uni 
formly throughout the ?uidized bed essentially instanta 
neously. Hence, the pressure above the ori?ce con 
stantly varies, and the resultant variations in ori?ce 
pressure differential cannot be compensated for because 
recovery time is often too long. Thus, variations in 
solids ?ow to the reaction zone is inherent in this ?ow 
control system. 
A second method used to deliver solids to a tubular 

reactor relies on pneumatic transport gas injected into a 
lift leg located between the reservoir and the reactor. 
By varying the transport gas ?ow rate to the lift leg, the 
density of material in the lift leg is regulated thereby 
controlling the back pressure through the orifice which 
provides communication between the lift leg and the 
reservoir. This system has the disadvantage of generat 
ing gas bubbles in the lift leg which produces ?uctua 
tions in the solids ?owrate. 

Control is further compromised in this system be 
cause the high rate of aeration gas necessary to trans 
port the solids is a negative in?uence on the rapid and 
uniform mixing of the solids and feed streams in the 
mixing zone at the top section of the reactor. In addi 
tion, large quantities of transport gas entering the reac 
tor necessitate the use of over-sized reaction chambers 
to accommodate the inert aeration gas medium. 
The third method employs mechanical valves to 

physically alter solids ?owrate. Generally, valves are 
single or double disk types, the latter being preferred 
where uniformity of mixing is desirable. However, 
there is considerable erosion of the valve seat by the 
solids in each of these valves. These valves, therefore, 
must be replaced frequently, and have other mainte 
nance problems associated with sealing the valves and 
properly maintaining and ascertaining the variable re 
sponse that occurs as the valve seat erodes. 
None of these three methods is particularly compati 

ble with the operation necessary for the rapid and uni 
form mixing of the phases in low residence time reac 
tion systems. 
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SUMMARY OF INVENTION 

It is an object of the present invention to regulate the 
rate of solids added continuously to a solids-?uid reac 
tion system, the solids participating in the reaction as a 
reactant, catalyst, or inert heat supply medium. 

It is a further object of the invention to provide a 
method and apparatus for the regulation of solids flow 
to the solids-?uid reaction equipment. 

It is also an object of the invention to provide an 
apparatus to regulate the ?ow of solids to said reaction 
system, which has no movable parts, and therefore, is 
less subject to rapid erosion by the solids. 

It is an additional object of the apparatus of this in 
vention to mix rapidly and uniformly the regulated ?ow 
of solids with the ?uid reactants in the reaction zone. 
A further aspect of this invention is to afford an appa 

ratus and system to regulate the continuous flow of 
solids to the reaction zone and to mix said solids rapidly 
and uniformly with other components introduced si 
multaneously therein to produce a homogeneous react 
ing phase. 
These and other advantages and objects of the pres 

ent invention will be analyzed below. 
The present invention is an apparatus and method for 

continuously feeding particulate solids to a reaction 
chamber or zone at a controlled rate of ?ow, and for 
admixing the solids with ?uid simultaneously intro 
duced to the reaction zone. This invention utilizes one 
or more conduits, preferably tubular, to transfer the 
solids from a solids reservoir chamber to the reaction 
chamber at a controlled rate of ?ow, said conduits being 
in open communication with both the reservoir cham 
ber and with the reaction chamber. The conduits are in 
the nature of ori?ces, and are symmetrically located 
across the reactor cross section, said ori?ces or conduits 
also being specially oriented with respect to the ?uid 
reactant inlet to promote rapid and intimate mixing of 
the two phases. The ?uid reactants are added to the 
reaction system preferably through an annular ori?ce 
surrounding each tubular conduit. Preferably, these 
reactants are introduced angularly to the ?ow of solids 
such that the projection of the reactant ?ow path forms 
a cone, the vertex of which is below the conduit outlet. 
While an annular ori?ce is preferred, it is not inconsis 
tent with the system to utilize in lieu of the annular 
ori?ce, a multiplicity of inlet tubes spaced at equal inter 
vals around the conduit. By adding the solids and the 
reactant ?uid in this manner very rapid mixing is 
achieved. 
Mixing is enhanced by the use of a plurality of tubular 

conduits each conduit being surrounded by an annular 
ori?ce for gas ?ow. This occurs because the use of 
multiple tubular conduits greatly increases the shear 
surface/?ow area ratio, which is an important criterion 
for good mixing. Perfect mixing is obtained when this 
ratio is in?nite. 
Mixing is further increased by reducing ?ow area by 

means of plugs extending into the region of mixing 
within the reaction chamber. 

It is desirable to regulate the ?ow in this system to 
below +/—5%, preferably below +/ —-2%. To 
achieve this close control on solids ?ow rate, the damp 
ening characteristics of a non-?uidized bed are em 
ployed simultaneously with the ?ow relationships 
which are inherent with ?uidized bed control systems 
previously discussed. The essential feature of the con 
trol system is the localized ?uidization of the solids just 
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above the conduit inlet. In no instance is the amount of 
?uidization gas suf?cient to ?uidize the entire bed of 
solids in the reservoir. Rather, the amount of gas added 
is sufficient to only locally ?uidize those solids in the 
region of the conduit inlet. 

Fluidized bed solids generally flow through an orifice 
or conduit subject to the function: 

where A Pori?ce is equal to Pbed+Pbed hbed—Preactor. 
GS represents the gravity ?ow through an orifice and 
“f’ indicates that the flow is a function of the stated 
variables. A P represents the change in pressure at the 
ori?ce and hbed is equal to the height of the bed. As a 
result the conventional ?uidized systems depend on 
controlling the system pressure, the density of the bed 
and the height of the bed to achieve good solids ?ow 
control. These conventional systems therefore are dif? 
cult to control. The present apparatus and process elim 
inates the bed density as a major factor and minimizes 
the bed height as a factor. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a cross sectional elevational view of the 
preferred embodiment of the invention as applied to 
tubular reactors and for use with gaseous feeds. 
FIG. 2 is an enlarged view of the intersection of the 

solid and gas phases within the mixing zone of the reac 
tion chamber. 
FIG. 3 is a top view of the preferred plate geometry, 

said plate serving as the base of the gas distribution 
chamber. 
FIG. 4 is a graph of the relationship between bed 

density, pressure drop, bed height and aeration gas 
velocity in a ?uidized bed. 
FIG. 5 is a view through line 5—5 of FIG. 2. 
FIG. 6 is a modi?ed solids conduit having a rectangu 

lar cross-section. 
FIG. 7 is another modi?cation of the solids conduit 

having a cruciform cross-section. 
FIG. 8 is an isometric view of the plug which extends 

into the mixing zone to reduce ?ow area. 
FIG. 9 is an alternate preferred embodiment of the 

control features of the present invention. 
FIG. 10 is a view along line 10-10 of FIG. 9 show 

ing the header and piping arrangements supplying aera 
tion gas to the clean out and ?uidization nozzles. 
FIG. 11 is an alternate embodiment of the preferred 

invention wherein a second feed gas is contemplated. 
FIG. 12 is a view of the apparatus of FIG. 11 through 

line 12-12 of FIG. 11. 
FIG. 13 is a pictorial representation of the mixing 

pattern in the mixing zone. 
FIG. 14 is a schematic representation of the preferred 

embodiment as used with a plurality of reaction cham 
bers. 

FIG. 15 is a form of the preferred embodiment of the 
present invention adapted for use with a liquid phase 
feed. 

DESCRIPTION OF PREFERRED EMBODIMENT 

In FIG. 1 the preferred embodiment of the invention 
is shown installed for use with a tubular or plug ?ow 
reactor 31. It is to be understood that the invention has 
application in solid~?uid reaction systems which em 
ploy reactor geometries other than tubular. Indeed, the 
novel particulate solids metering and mixing device has 



4,820,494 
5 

application in generalized systems where the flow of 
particulate solids must to be regulated and subsequently 
admixed with a ?uid stream. The invention is suitable 
for use in connection with both a gas and a liquid feed. 

Structurally, the apparatus 32 comprises a solids res 
ervoir vessel 33 and a housing 34 for the internal ele 
ments described below. The housing 34 is conically 
shaped in the embodiment of FIG. 1 and serves as a 
transition spool piece between the reservoir 33 and the 
reactor 31 to which it is ?angeably connected via 
?anges 35, 36, 37 and 38. The particular geometry of the 
housing is functional rather than critical. The housing is 
itself comprised of an outer metallic shell 39, preferably 
of steel, and an inner core 40 of a castable ceramic mate 
rial. It is convenient that the material of the core 40 
forms the base 41 of the reservoir 33. 

Set into and supported by the inner core 40 is a gas 
distribution chamber 42, said chamber being supplied 
with gaseous feed from a header 43. While the chamber 
42 may be of unitary construction, it is preferred that 
the base separating the chamber 42 from reaction zone 
44 be a removable plate 45. One or more conduits 46 
extend downwardly from the reservoir 33 to the reac 
tion zone 44, passing through the base 41 and the cham 
ber 42. The conduits 46 are in open communication with 
both the reservoir 33 and the reaction zone 44 providing 
thereby a path for the flow of solids from the reservoir 
33 to the reaction zone 44. The conduits 46 are sup 
ported by the material of the core 40, and terminate 
coplanarly with a plate 45, which has apertures 47 to 
receive the conduits 46. The region immediately below 
the plate 45 is hereinafter referred to as a mixing zone 53 
which is also part of the reaction zone 44. 
As shown in FIG. 2, an enlarged partial view of the 

intersection of the conduit 46 and the plate 45, the aper 
tures 47 are larger than the outside dimension of con 
duits 46, forming therebetween annular ori?ces 48 for 
the passage of gaseous feed from the chamber 42. Edges 
49 of the apertures 47 are preferably convergently bev 
eled, as are the edges 50 at the tip of the conduit wall 51. 
In this way the gaseous stream from the chamber 42 is 
angularly injected into the mixing zone 53 and inter 
cepts the solids phase flowing from conduits 46. A pro 
jection of the gas ?ow would form a cone shown by 
dotted lines 52 the vortex of which is beneath the flow 
path of the solids. By introducing the gas phase angu 
larly, the two phases are mixed rapidly and uniformly, 
and form a homogeneous reaction phase. The mixing of 
a solid phase with a gaseous phase is a function of the 
shear surface between the solids and gas phases, and the 
flow area. A ratio of shear surface to flow area (S/ A) of 
in?nity de?nes perfect mixing; poorest mixing occurs 
when the solids are introduced at the wall of the reac 
tion zone. In the system of the present invention, the gas 
stream is introduced annularly to the solids which en 
sures high shear surface. By also adding the gas phase 
transversely through an annular feed means, as in the 
preferred embodiment, penetration of the phases is ob 
tained and even faster mixing results. By using a plural 
ity of annular gas feed points and a plurality of solid 
feed conduits, even greater mixing is more rapidly pro 
moted, since the surface to area ratio for a constant 
solids flow area is increased. Mixing is also a known 
function of the L/D of the mixing zone. A plug creates 
an effectively reduced diameter D in a constant L, thus 
increasing mixing. 
The Plug 54, which extends downwardly from plate 

45, as shown in FIGS. 1 and 2, reduces the flow area, 
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6 
and forms discrete mixing zones 53. The combination of 
annular gas addition around each solids feed point and a 
con?ned discrete mixing zone greatly enhances the 
conditions for mixing. Using this preferred embodi 
ment, the time required to obtain an essentially homoge 
neous reaction phase in the reaction zone 44 is quite 
low. Thus, this preferred method of gas and solids addi 
tion can be used in reaction systems having a residence 
time below 1 second, and even below 100 milliseconds. 
In such reactions the mixing step must be performed in 
a fraction of the total residence time, generally under 
20% thereof. If this criteria is not achieved, localized 
and uncontrolled reaction occurs which deleteriously 
affects the product yield and distribution. This is caused 
by the maldistribution of solids normal to the flow 
through the reaction zone 44 thereby creating tempera 
ture and or concentration gradients therein. 
The flow area is further reduced by placing the aper 

tures 47 as close to the walls of the mixing zone 53 as 
possible. FIG. 3 shows the top view of plate 45 having 
incomplete circular apertures 47 symmetrically spaced 
along the circumference. The plug 54, shown by the 
dotted lines, is below the plate, and establishes the dis 
crete mixing zones 53 described above. In this embodi 
ment, the apertures 47 are completed by the side walls 
55 of gas distribution chamber 42 as shown in FIG. 2. In 
order to prevent movement of conduits 46 by vibration 
and to retain the uniform width of the annular ori?ces 
48, spacers 56 are used as shown in FIG. 5. However, 
the conduits 46 are primarily supported within the hous 
ing 34 by the material of the core 40 as stated above. 
The geometry of the conduits 46 and plug 54 is not 

limited to the circular shapes used illustratively in the 
description and drawings. Rectangular, or cruciform 
conduit geometries 46’ and 46" shown in FIGS. 6 and 7 
can be used, the ori?ce 48 conforming circumferentially 
to these geometries. Similarly, the plug 54 shown in 
perspective in FIG. 8, can assume various cross-sec 
tional con?gurations. The plug 54 serves to reduce the 
flow area and de?ne descrete mixing zones 53. The plug 
54 may also be convergently tapered so that there is a 
gradual increase in the flow area of the mixing zone 53 
until the mixing zone merges with remainder of the 
reaction zone 44. Alternatively, a plurality of plugs 54 
can be used to obtain a mixing zone 53 of the desired 
geometric con?guration. 

Referring again to FIG. 1, the housing 34 may prefer 
ably contain a neck portion 57 with corresponding lin 
ing 58 of the castable ceramic material and a flange 37 to 
cooperate with a flange 38 on the reaction chamber 31 
to mount the neck portion 57. This neck portion 57 
de?nes and contains the mixing zone 53, and allows 
complete removal of the housing 34 without disassem 
bly of the reactor 31 or the solids reservoir 33. Thus, 
installation, removal and maintenance can be accom 
plished easily. Ceramic linings 60 and 62 on the reser 
voir 33 and the reactor walls 61 respectively are pro 
vided to prevent erosion. 
The solids in reservoir 33 are not ?uidized except 

solids 63 in the vicinity of conduits 46. Aeration gas to 
locally fluidize the solids 63 is supplied by nozzles 64 
symmetrically placed around the conduits 46. Gas to 
nozzles 64 is supplied by a header 65. Preferably, the 
header 65 is set within the castable material of the core 
40, but this is dependent on whether there is suf?cient 
space in the housing 34. A large mesh screen 66 is 
placed over the inlets of the conduit 64 to prevent de 
bris and large particles from entering the reaction zone 
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44 or blocking the passage of the particulate solids 
through the conduits 46. 
By locally ?uidizing the solids 63, the solids 63 as 

sume the characteristics of a ?uid, and will flow 
through the conduits 46. The conduits 46 have a ?xed 
cross sectional area, and serve as ori?ces having a spe 
ci?c response to a change in ori?ce pressure drop. Gen 
erally, the flow of ?uidized solids through an ori?ce is 
a function of the pressure drop through the ori?ce. That 
ori?ce pressure drop, in turn, is a function of bed height, 
bed density, and system pressure. 
However, in the process and apparatus of this inven 

tion the bulk of the solids in reservoir 33 are not ?uid 
ized. Thus, static pressure changes caused by variations 
in bed height are only slowly communicated to the inlet 
of the conduit 46. Also the bed density remains approxi 
mately constant until the point of incipient fluidization 
is reached, that is, point a of FIG. 4. In the present 
invention, however, it is essential that the amount of 
aeration gas be below that amount. Any aeration gas 
flow above that at point a on FIG. 4 will effectively 
provide a fluidized bed and thereby lose the bene?ts of 
this invention. By adjustment of the aeration gas flow 
rate, the pressure drop across the non-?uidized bed can 
be varied. Accordingly, the pressure drop across the 
ori?ce is regulated and the ?ow of solids thereby regu 
lated as shown in FIG. 4. At gas ?ow rates below incipi 
ent ?uidization, signi?cant pressure increases above the 
ori?ce can be obtained without ?uidizing the bulk of the 
solids. Any effect which the bed height and the bed 
density variations have on mass ?ow are dampened 
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sections 46' erode as depicted by dotted lines 77, the 
remaining leading section 46’ will still provide a known 
ori?ce size and pressure drop response. The conduits 46 
are completed as before using erosion resistent metal 
tubes 51, said tubes being set into core material 40 and 
affixed to the block 75. 
FIG. 10 is a plan view of FIG. 9 along section 10-10 

showing an arrangement for the nozzles 64 and 72, and 
the headers 65 and 74. Gas is supplied to the headers 65 
and 74 through feed lines 79 and 80 respectively, which 
extend out beyond the shell 34. It is not necessary that 
the headers be set into the material of the core 40, al 
though this is a convenience from the fabrication stand 
point. Uniform flow distribution to each of the nozzles 
is ensured by the hydraulics of the nozzles themselves, 
and does not require other devices such as an ori?ce or 
venturi. The gas supplied to feed lines 79 and 80 is regu 
lated via valve means not shown. 
FIGS. 11 and 12 show the pertinent parts of an alter 

nate embodiment of the invention wherein a second gas 
distribution assembly for feed gas is contemplated. As in 
the other embodiments, a gas distribution chambers 42 
terminating in annular ori?ce 48 surrounds each solids 
delivery conduit 46. However, rather than a common 
wall between the chamber 42 and the conduit 46, a 
second annulus 83 is formed between the chamber 42 
and the conduit 46. Walls 81 and 51 de?ne the chambers 

. 83. Feed is introduced through both the annular open 

considerably by the presence of the non-?uidized reser- t 
voir solids and are essentially eliminated as a signi?cant 
factor. Further the control provided by this invention 
affords rapid response to changes in solids mass ?ow 
regardless of the cause. 
Together with the rapid mixing features described 

above, the present invention offers an integrated system 
for feeding particulate solids to a reactor or vessel, 
especially to a tubular reactor wherein very low reac 
tion residence times are encountered. 
FIGS. 9 and 10 depict an alternate preferred embodi 

ment of the control features of the present invention. In 
this embodiment the reservoir 33 extends downwardly 
into the core material 40 to form a secondary or control 
reservoir 71. The screen 66 is positioned over the entire 
control reservoir 71. The aeration nozzles 64 project 

, downwardly to ?uidize essentially these solids 63 be 
neath the screen 66. The bottom 41 of the reservoir 33 
is again preferably formed of the same material as the 
core 40. 

A plurality of clean out nozzles 72 are preferably 
provided to allow for an intermittent aeration gas dis 
charge which removes debris and large particles that 
may have accumulated on the screen 66. Porous stone 
?lters 73 prevent solids from entering the nozzles 72. 
Headers 65 and 74 provide the gas supply to nozzles 64 
and 72 respectively. 
The conduits 46 communicate with the reservoir 71 

through leading section 46'. The leading sections 46’ are 
formed in a block 75 made of castable erosion resistent 
ceramic material such as Carborundum Alfrax 201. The 
block 75 is removable, and can be replaced if eroded. 
The entrance 76 to each section 46’ can be sloped to 
allow solids to enter more easily. In addition to being 
erosion resistent, the block 75 provides greater longev 
ity because erosion may occur without loss of the preset 
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response function. Thus, even if the conduit leading ' 

ing 48 in the chamber 42 and the annular opening 84 in 
the annulus 83 at an angle to the flow of solids from the 
conduits 46. The angular entry of the feed gas to the 
mixing zone 53 is provided by beveled walls 49 and 85, 
which de?ne the openings 48 and beveled walls 50 and 
89 which de?ne the‘ openings 84. Gas is introduced to 
the annulus 83 through the header 86, the header being 
set into the core 40 if convenient. 
FIG. 12 is a plan view of the apparatus of FIG. 11 

through section-12—12 showing the conduit openings 
and the annular feed openings 48 and 84. Gas is supplied 
through feed lines 87 and 88 to the headers 43 and 86 
and ultimately to the mixing zones through the annular 
openings. Uniform ?ow from the chambers 42 and 83 is 
ensured by the annular ori?ces .48 and 84. Therefore, it 
is not essential that flow distribution means such as 
venturis or ori?ces be included in the header 43. The 
plug 54 is shaped symetrically to de?ne discrete mixing 
zones 53. 

Mixing efficiency is also dependent upon the veloci 
ties of the gas and solid phases. The solids flow. through 
the conduits 46 in dense phase ?ow at mass velocities 
from preferably 200 to 500 pounds/ sq. ft./sec., although 
mass velocities between 50 and 1000 pounds/sq.‘ ft./sec., 
may be used depending on the characteristics of the 
solids used. The ?ow pattern of the solids in the absence 
of gas is a slowly diverging cone. With the introduction 
of the gas phase through the annular ori?ces 48 at ve 
locities between 30 and 800 ft./sec., the solids develop a 
hyperbolic ?ow pattern shown in FIG. 13 which has a 
high degree of shear surface illustrated by the dotted 
lines 90. Preferably, the gas velocity through the ori 
?ces 48 is between 125 and 250 ft./sec. Higher velocities 
are not preferred because erosion is accelerated; lower 
velocities are not preferred because the hyperbolic 
shear surface is less developed. 
The initial super?cial velocity of the two phases in 

the mixing zone 53 is preferably about 20 to 80 ft./sec., 
although this velocity changes rapidly in many reaction 
systems, such as thermal cracking, as the gaseous reac 
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tion products are formed. The actual average velocity 
through the mixing zone 53 and the reaction zone 44 is 
a process consideration, the velocity being a function of 
the allowed residence time therethrough. 
By employing the solid feed device and method of the 

present iventions, the mixing length to diameter ratio 
necessary to initimately mix the two phases is greatly 
reduced. This ratio is used as an informal criteria which 
defines good mixing. Generally, an L/D (length/dia.) 
ratio of from 10 to 40 is required. Using the device 
disclosed herein, this ratio is less than 5, with ratios less 
than 1.0 being possible. Well designed mixing devices of 
the present invention may even achieve essentially com 
plete mixing at L/D ratios less than 0.5. 

Thus, in an 8" diameter tubular reactor, with an aver 
age super?cial velocity in the mixing zone 53 of about 
50 ft./sec., it is possible to obtain a good mixing in one 
diameter of length. This corresponds to a mixing time of I 
about 13 milliseconds. For an 8" diameter reactor hav 
ing a 2" diameter centrally located plug, the equivalent 
diameter is 6", and the mixing time is further reduced to 
about 10 milliseconds. 
The apparatus may also be used to feed solids to a 

plurality of reaction chambers 31 from a common reser 
voir 33, as illustrated schematically in FIG. 14. In this 
embodiment, each reactor chamber 31 is fed through 
one or more conduits 46. Individual distribution cham 
bers 42 can be used for each reaction chamber as shown 
in FIG. 14. Alternatively, a common chamber 42 may 
be used to feed a common reactant. The latter embodi 
ment is used when high throughput capacity is required, 
but a single reaction chamber is not feasible due to 
residence time limitations. This embodiment may also 
be used where the feed is common, but the reaction 
conditions are different. However, capital costs are 
reduced by using the common elements described. The 
former embodiment allows different gaseous feedstocks 
to be treated at optimum reaction conditions. 
For example, the thermal cracking of a hydrocarbon 

to produce ethylene may use as feedstock a light hydro 
carbon gas such as ethane or propane, or a gasi?ed 
petroleum gas oil such naphtha. The optimum produc 
tion of ethylene requires that these feeds be treated 
individually and at different operating conditions. Using 
the embodiment of FIG. 14, this may be accomplished. 
FIG. 15 is the preferred embodiment when admixing 

a liquid phase with a particulate solid stream. The liq 
uids are introduced to the mixing zone 53 through a 
plurality of tubes 92 spaced around the conduit 46. An 
annular ori?ce 48 is not required. Each tube outlet is 
provided with an injection nozzle 93 which atornizes 
the liquid feed prior to entry into the mixing zone. Pref 
erably, these tubes are angled so that the liquid feed 
impinges directly onto the outflowing solids. 

Practice has taught that local fluidization can be ef 
fected using the apparatus of FIG. 1 in essentially any 
?uid bed environment. 

In one illustration of the increased stability bene?ts 
pertaining to solids ?ow, a solid bed having a bed height 
of 10 feet, a bed density of 43 lb./ft.3 in which the bed is 
comprised of FCC type solids having a 30 to 70 micron 
particle size, 47.2 ACFM was directed through the 
nozzles 64 to the zone 63 above the conduits 46. The 
pressures above the bed level and below the ori?ce 
were being held constant at 20 psia. The flow rate of 
solids under these conditions was 14.4 lb./sec. through 
a three inch ori?ce. In order to achieve a ?ow control 
of +/—2% or +/—0.94 ACFMO. This can be easily 
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achieved in small diameter piping with rapid response 
values. 
Under conventional conditions, the same bed 10 feet 

in height and 10 feet in diameter would add aeration gas 
suf?cient to ?uidize the bed to a density of 35 lb./ft.3. A 
total of 472 ACFM of gas is required to reach a ?uidiz 
ing velocity of 0.1 fps. Under these conditions, the ?uid 
bed will generate a pressure drop across the ori?ce 
equal to 2.43 psi. In order to have the same flow rate of 
14.4 lb./sec. the ori?ce must be 2.6 inches in diameter 
(slightly smaller than the locally ?uidized case). How 
ever, in order to achieve the same control over solids 
flow, the overhead pressure, bed height and density 
must be controlled to a combined deviation of 
+/—2%. In the ideal case where only variations in 
overhead pressure exist, the overhead pressure must 
still be controlled to within +/—2% of the square root 
of the ori?ce pressure drop or 0.098 psi. In terms of the 
overhead pressure this is +/—0.5% which is very diffi 
cult to achieve for large gas ?ows and signi?cant gas 
volumes above the bed. 

In an example of the mixing bene?ts of the device, 
3,000 lb./hr. of a gaseous hydrocarbon were introduced 
at a velocity of 28.4 fps surrounding eight 1.06 inch 
conduits 46 conveying solids to the mixing zone 53 at 
the rate of 16.7 lb./sec. The solids were introduced at 
1,750° F. while the hydrocarbon was introduced at 
1,000’ F. At a distance of 3 feet from entry of the mixing 
zone 53, the hydrocarbon had reached an average con 
version of 60%. ' 
We claim: 
1. An apparatus to continuously feed a regulated ?ow 

of particulate solids to a reaction chamber comprising: 
a. an upper reservoir containing the particulate solids 

in the non-?uidized state. 
b. a conduit having an inlet extending downwardly 

1 from the reservoir to a reaction chamber, said con 
duit being in open communication with the reser 
voir and the reaction chamber; and 

c. a plurality of aeration nozzels spaced symmetri 
cally around the inlet of said conduit for introduc 
ing a quantity of aeration gas to the upper reservoir 
only in the vicinity above said conduit, said quan 
tity of aeration gas being only that necessary for 
local fluidization of the solids above the conduit 
thereby enabling said locally ?uidized solids and a 
portion of the aeration gas to ?ow by gravity 
downwardly through the conduit; and 

. an annular ori?ce located peripherally around the 
opening of the conduit facing the reaction chamber 
for introducing said fluid feed to the reaction 
chamber. 

2. The apparatus of claim 1 wherein the ?uid feed is 
introduced angularly to the ?ow of solids such that the 
projected ?ow of feed intercepts the discharge ?ow of 
solids leaving said conduit. 

3. The apparatus of claim 2 wherein the ?uid feed is 
a gas, the means for introducing said gaseous feed being 
said annular ori?ce around said conduit. 

4. The apparatus of claim 3 further comprising a 
gaseous feed distribution chamber above the reaction 
chamber and in communication therewith through said 
annular ori?ce, said conduit passing through said distri 
bution chamber and terminating coplanarly with the 
base thereof, said base of the distribution chamber hav 
ing a hole therein, said hole receiving said conduit and 
‘being larger than the outside dimension of said conduit 
forming said ori?ce. 
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5. The apparatus of claim 4 further comprising a 
section of the reaction chamber, said section being in 
open communication with said conduit and constituting 
a mixing zone for the gaseous and solid feeds introduced 
thereto. 

6. The apparatus of claim 5 further comprising a plug 
extending downwardly from the base of the distribution 
chamber into the mixing zone to form discrete mixing 
zones. 

7. The apparatus of claim 6 wherein the base of the 
distribution chamber is a removable plate having a hole 
larger than the outer dimension of and receiving the 
conduit, said conduit having convergently beveled out 
side walls at the outlet end which terminate coplanarly 
with said plate and with said hole forming thereby the 
annular ori?ce, the hole further having convergently 
beveled edges whereby the direction of gas ?ow is 
angled toward the conduit outlet, the projection of 
which forms a cone the vertex of which is beneath said 
conduit outlet. 

8. The apparatus of claim 2 wherein the ?uid feed is 
a liquid, said apparatus having a single conduit and the 
means for introducing the liquid feed is a plurality of 
nozzles angled toward and spaced uniformly around the 
conduit. 
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9. The apparatus of claim 8 wherein the liquid feed is 

distributed uniformly to each nozzle by means of a 
header. 

10. The apparatus of claim 4 wherein the gaseous feed 
to the distribution chamber is supplied by a header. 

11. An apparatus as in claim 1 further comprising a 
removable block of castable erosion resistant ceramic 
material located between the upper solids reservoir and 
the conduits; bores extending through the block, each 
bore in alignment with a conduit. 

12. An apparatus as in claim 11 further comprising 
concave sections formed in the block, which concave 
sections surround each bore at the surface adjacent the 
solids reservoir. . 

13. An apparatus as in claim 1 further comprising a 
screen located above the conduit entry area. 

14. An apparatus as in claim 1 further comprising 
means for periodically removing debris and large parti 
cles from the area in proximity to the aeration nozzles. 

15. An apparatus as in claim 14 wherein the means for 
periodically removing debris and large particles from 
the area in proximity to the aeration nozzles are clean 
out nozzles. 

16. An apparatus as in claim 13 further comprising 
means for periodically removing debris and large parti 
cles from the screen. 

* * * * * 


